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A STUDY OF PACKAGE HANDLING DROPS IN




The objective of this study was to measure drop heights environment within the
United States Postal Service. A popular belief has been that the United States Postal
Service provided a handling environment that was more severe than other small
parcel carriers. Previous studies of small package carriers have documented the
handling environments of those carriers. The data gathered during the course of this
study were compared to those results. The intent of this study was to provide data
that would indicate that the Unites States Postal Service did not provide a handling
environment that was more severe than competing carriers.
An additional objective of this study was to understand and document the small
package handling system used within the United States Postal Service.
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BACKGROUND-UNITED STATES POSTAL SERVICE
The United States Postal Service has a history that dates back to the early days
of our country. It was on July 26, 1776 that the Continental Congress appointed
Benjamin Franklin the first Postmaster General. The Post Office carried on for nearly
100 years through a number of temporary Acts until on June 8, 1872 Congress
formally declared it an executive department. The Post Office remained as an
executive department through July 1, 1971 when the United States Postal Service,
was named as an independent agency of the executive branch1. Since it's early
beginning, the Post Office provided a means to move letters as well as parcels from
one location to another; however, it wasn't until 1913 that Parcel Post was brought
into being. Parcel Post is a subclass of Standard Mail with rates based on weight,
zone and delivery within a bulk mail center.
SMALL PARCELMARKET
Following the introduction of Parcel Post, the Postal Service enjoyed a huge
increase in business. Mail order houses such as Sears and Roebuck andMontgomery
Ward prospered as they sold their goods through the US Mail. As with any business,
competition was inevitable. The Postal Service eventually saw a decline in the
volume of parcels moving through its facilities. New and more efficient competition
contributed to the reduction. Carriers such as United Parcel Service (UPS), Federal
Express, DHL and numerous less than truckload (LTL) carriers have replaced the
United States Postal Service as the number one carrier for small parcels. As a
United States Postal Service Homepage: http://www.usps.gov/historv
governmental agency, the Postal Service tried to be all things to all people. The
Postal Service handles a wide variety of parcels from occasional customers as well as
regular shippers. The Postal Service must maintain over 40,000 facilities whereas
carriers such as United Parcel Service could maintain approximately 1,000. This has
prevented the USPS from effectively competing in this market. UPS and other small
parcel carriers on the other hand, have established relationships with large business
firms. The packages handled by these carriers for the most part are well packaged
which allows for swift and efficient
movement.2
As the competition was pouring
millions of dollars into upgrading their operations, the Postal Service did not react in
the same manner. Constrained by limited budgets, the Postal service fell behind in
the ability to handle packages efficiently and without damage. At one point, in 1974,
an internal survey indicated that the USPS damaged half of the parcels marked
fragile.3
In an effort to improve their operation, in 1975, the USPS completed
installation of a National BulkMail System at a cost of over $1 billion. The result of
this work was a system that was designed to compete with private carriers for
efficiency, speed and ability to handle mail and packages without causing
damage.4
Throughout 1998, the Postal Service delivered over 82 billion pieces of Standard
Mail (A) and almost 1 billion pieces of StandardMail
(B).5
Bulk Mail is defined as
StandardMail (A) that is less than 16 oz. Mass mailings and periodicals fall into this
2
Tierney, John T., Postal Reorganization: Managing the Publics Business, (Boston, MA. Auburn
House Publishing Company) 1981, p. 138.
3
Adie, Douglas, K.,Monopoly Mail: Privatizing the U. S. Postal Service, (New Brunswick, USA,
Transaction Publishers, 1989, p. 54.
4
Tierney, John T., Postal Reorganization: Managing the Publics Business, (Boston, MA. Auburn
House Publishing Company) 1981, p. 59.
5
United States Postal Service Homepage: http://www.usps.gov/history/anrpt98/




1. HYPOTHESIS: The assumption for this study is that the frequency and
height of drops occurring within the USPS handling environment is
comparable to that of competing small package carriers.
2. The data collected during this study will be representative of that
encountered in the normal handling environment of the United States
Postal Service.
STUDY OBJECTIVES:
1. The main objective of the study was to measure drop heights encountered
within the handling environment of the USPS and compare the results to
results obtained in prior studies of other small package carriers
2. An additional objective of this study was to understand the small package
handling environment within the United States Postal Service.
SMALL PARCEL HANDLING ENVIRONMENT
Throughout the normal handling environment of package carriers, there will be
a variety of forces that will affect a package. Vibration, Shocks, Impacts and drops
are typical events that have an influence on the integrity of a package and its contents.
This study focuses on drop events which generally cause the most visible and severe
damage. Over the past several years, there have been a number of studies completed
on the handling environment of small package and LTL carriers.
6
United States Postal Service Homepage: http://www.usps.gov/cpim/ftp/pubs/pub32.pdf
THE BULKMAIL SYSTEM
To understand the effectiveness of the delivery system within the USPS, it is
important to understand the method by which packages are moved. Packages to be
shipped originate at a number of locations. Packages may be dropped off at a local
mail facility such as the neighborhood Post Office. Arrangements can also be made
with the Postal Service to pick up packages at a specific location such as a mailroom
within a company or business mail facility. The other method of introducing
packages to the Postal System, when large quantities are involved or when
economically feasible, is to have the shipper deliver them to a Bulk Mail Center or an
Auxiliary Service Facility. The Bulk Mail System implemented by the USPS is
comprised of 21 highly automated regional facilities designed to handle the large
amounts of bulk mail as well as small parcels. The 21 Bulk Mail Centers (BMC) are
linked to a system of 10 Auxiliary Service Facilities (ASF). The Auxiliary Service
Facilities are part of a general mail facility. The ASF serves as a subordinate to the
BulkMail Center and is also capable of handling Standard A and B mail. The typical
volume of parcels moved through a BulkMail Center such as the one in Pittsburgh,
PA is over 1,700,000 parcels per
week.7
Anonymous, Pittsburgh Bulk Mail Center publication, 1999.
BULKMAIL CENTER OPERATION
Items traveling through the BMC generally arrive at the facility by truck; however,
the facilities can also accommodate rail delivery. Parcels can be hand-stowed,
palletized or containerized when arriving
at the facility. Hand-stowed or non-
unitized parcels are off-loaded manually
using an ergonomically designed
mechanized conveyor (Figure 1). Parcels
unloaded in this manner enter the
automated system directly for processing. ^^.e l
Small parcels heading toward a common
destination may also be
"sacked"
at a local facility for ease of movement. Palletized
units are unloaded by a fork truck and removed from
the pallet by hand for entry into the conveyance
system. Packages transported from local post offices
and ASF to the BMC may also be placed in large
reusable containers. Two types are most commonly
used, the 'BulkMail Center (BMC)
Container'
(Figure 2) and the Corrugated Bin container. The
Bulk Mail Center container is constructed of
Figure 2.
aluminum and is on wheels allowing for easy movement. The corrugated style
container is a bin placed on a pallet and requires a form of manual or mechanized fork
truck to lift and move. Removal of the contents of
the BMC container is manual whereas the
corrugated bin container is accomplished either by
hand ormore commonly by means of a tipping
device. The device lifts the entire container and
empties the contents onto a mechanized conveyor
.
r
(Figure 3) that moves the parcels to the next step in
the system, which is the keypad/bar coding
station.8
The handling and methods of unloading previously described are generally true for
packages and StandardMail (A) weighing less than 35 lbs. Packages weighing more
than 35 lbs. are typically hand sorted and placed on pallets or hand-trucks for
movement within the system as opposed to automated conveyance. Decision to utilize
the automated conveyance-sorting system is
generally at the discretion of the Postal
Service operator at the initial sort. Further
on in the sequence of automated package
sorting, is the keypunch and scanning
station (Figure 4).
Figure 4.
Here an operator keypunches the destination
ZIP Code or scans the bar code label previously applied by the mailer or at the local
Post Office. The bar code used by the USPS is the POSTNET code and is comprised
of 52 characters. Once the ZIP Code is keypunched, a bar code label is then printed
and automatically applied. Keyers, as keypad operators are known, must pass a strict
exam following training and must read and correctly key 32 parcels per minute with
98% accuracy. The package then
moves on its way toward a container
or bin in an area known as a
"runout"
(Figure 5) that accumulates packages
designated for a specified ZIP Code.
Full containers are relocated to the
Fi 5
truck or train destined for a particular ZIP Code for shipment to the final delivery
point.
The scope of this study was to capture and evaluate drop events within the
USPS system which includes handling at the local Post Office level as well as the
automated sorting facilities such as the Bulk Mail Centers. While it is noted that
considerable attention is paid to the characterization of the handling at the BMC it
should be noted that opportunities for drops and impacts are equally present at the
local Post Office level.
PARCEL SORTING
The parcel sorting system is a maze of conveyors monitored from a central
control center that oversees system status. Monitoring is accomplished by a closed
circuit TV system. Over 200 TV cameras monitor a typical
system.9
The conveyance
system uses a series of belt conveyors, slides, diverting mechanisms and specialized
trays to transport the packages and bulk mail through the facility. The computer
tracks the movement of the parcel via the bar code. Constant monitoring keeps track
8
Daniel P. Curtin, USPS, personal conversation.
9
Anonymous, Pittsburgh BulkMail Center publication, 1999.
of which trays are empty and which ones are
headed to a particular
"runout"
with a parcel.
Upon approaching the assigned runout the
tray is tipped and the package
slides down a chute into the outgoing parcel
Figure 6. container.
Once full, containers are moved to the outgoing shipment area within the Postal
facility. Here containers are loaded into trailers. The containers are secured (Figure
6) within the trailer by ameans of locking mechanisms in the floor or by the use of
straps that are attached to the walls of the trailer.
Containers are transported within the bulk mail network in this fashion. Manually
sorted packages are palletized and stretchwrapped
(Figure 7) for shipment to the ASF. Upon arrival
at the next Auxiliary Service Facility or local
Postal facility, packages are then manually
handled and sorted for delivery to their final
destinations. Fi8urc7
2.0 TEST METHODS ANDMATERIALS
DATA COLLECTION DEVICE
The collection device used during this study was the SAVER manufactured by
Dallas Instruments, A Landsmont Corporation (Figure 8). The device is a shock and
Figure 8.
vibration environment recorder. The device is capable of recording acceleration, drop
height, temperature and humidity. The data is digitized and stored into memory for
later uploading and analysis. The SAVER
incorporates triaxial accelerometers as well as analog
to digital converters, temperature/humidity sensors
and a real-time clock are a few of the complex
components of this device. The collected data is
uploaded to aWindows-based host PC using a program called
"SaverWare".10
All
data recording units were calibrated prior to testing using accelerometers as specified
by the National Bureau of Standards.
TEST PACKAGE
Packages were assembled in a laboratory in the following manner. The test
package was comprised of a fabricated wooden fixture. The fixture had a hollowed-
out center so as to allow for fastening of the data recorder to the fixture (Figure 9).
Once the SAVER was fastened, the fixture was reassembled and secured using
threaded bolts and nuts. The fixture was made
from
hard rock maple. The fixture was packed in a
shipping case along with two-inch thick, one
pound (1 lb.) density polyethylene foam. The
Figure 9.
foam lined the inside of the case on all six sides
(Figure 10). The foam was used to protect the data-recording device from excessive
shocks that might cause damage. The use of foam does not prevent the data recorder
Figure 10.
from accurately recording drop heights. Previous field tests as well as laboratory tests
have confirmed this. The corrugated shipping containers used in the test were regular
slotted containers made from 44ECT material. The cases were joined by a glue-in






inside. The test packages weighed 35 lb.
which are representative ofmany small packages shipped today.
TEST PACKAGE DESTINATIONS
The origin of the test shipments was
Rochester, New York. The package shipping
destinations in this study where designed to
simulate routine or normal destinations for
products transported by means of a small parcel carrier. In this study, two locations
were chosen one to Atlanta, Georgia and the other toWindsor, Colorado. Atlanta and
Windsorwere selected as it could be assured that the test packages would travel
through a Bulk Mail Center on their journey. Destinations closer to the origin may
not have experienced the same type of handling that might be encountered in the Bulk
Mail Center as they may have been routed directly to the final destination via an ASF.
The USPS picked up outbound packages, sent to Atlanta andWindsor, at the
mailroom of a large firm in Rochester New York. The packages were delivered to the
local Postal facility in Rochester and then directed to the Pittsburgh BulkMail Center.
The packages were then routed on to Atlanta for delivery to their final destination.
TheWindsor bound packages followed the same scenario except they were directed
to the Chicago BMC/ Denver BMC on their way to delivery. Return of the packages
10
Instruction Manual for the SAVER, Dallas Instruments, A Landsmont Company, Version 1, 1995
10
encountered the same USPS facilities only in the reverse order. The packages
evaluated in this study weighed 35 lb., which would provide them with the
opportunity to be transported throughout the BMC by means of the sorting conveyor
system or by special handling trucks. During the study it was not known which
method was used as packages moved through the BMC and is typical ofUnited States
Postal Service procedures and
guidelines.11
TEST PACKAGE IDENTIFICATION AND LABELING
The corrugated shipping cases used in this study were not printed and
contained no outside markings other that the required corrugated box certification
stamp. The cases were left unmarked so as not to bias the test as well as an additional
security measure of anonymity. The address information was secured inside a clear
sleeve along with instructions to the addressee for return procedures. Contents of the
packages were not apparent to Postal workers during the test.
TEST PLAN
The test plan called for shipping five packages to a destination at one time.
Upon arrival at the destination an operator would readdress the packages and enter
them into the outgoing mail for return to Rochester. The plan called for three round
trips per destination for each of the five packages. This produced a total of 60
individual one-way trips through the USPS system. Data was collected and analyzed
for each of the 60 trips.
11
Daniel P. Curtin, USPS, personal conversation.
11
The table below outlines the number of packages and trips.
Destination # packages per
round trip
# round trips Equivalent # of
one-way trips
Atlanta, GA 5 3 30
Windsor, CO 5 3 30
Total - - 60
TEST PACKAGE PREPARATION
The SAVER data collection devices were set up in the following configuration.
The SAVER was set to recognize and save all drop events that were greater than or
equal to 10G. This was done to be consistent with the data collected from previous
studies. Following configuration, the data collection devices were fastened to the
wooden fixtures and packed in the test corrugated shipping cases. Foam, as described
earlier lined the cases. The cases were sealed with two-inch wide, pressure sensitive
plastic tape. To signify the start of the trip, each test case was dropped on the bottom
surface (flat drop) from a height of 24 inches. The date and time of the drop are
noted. Knowing the date and time of the calibration drop is useful when analyzing the
data and determining drops that might not be part of the study. The 24 inch drop is
performed at the time the test packages are received at their outbound and inbound
destinations. Upon return of the test packages, the data is uploaded from the SAVER
unit to a PC and then analyzed.
12
3.0 TEST RESULTS AND DISCUSSION
Throughout this study an Analysis ofVariance (ANOVA) and least
squares'
means tests were used to identify and isolate characteristics affecting drop height and
frequency. The following pages are a compilation and statistical summary of the data
collected during the study.
13
ATLANTA DROP HEIGHT DATA SUMMARY, HISTOGRAM, STATISTICS
The following is the summary of the Atlanta drop height data:
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ATLANTA DROP FREQUENCY DATA SUMMARY, HISTOGRAM,
STATISTICS

















The following is a Histogram of the Atlanta drops per trip:
12
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WINDSOR DROP HEIGHT DATA SUMMARY, HISTOGRAM, STATISTICS
The following is the summary of theWindsor drop height data:











The following is a Histogram of theWindsor drop height:
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The following is a Histogram of theWindsor drops per trip:
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In comparison to the data gathered during this study, the following is a
summary of data from previous studies as
reported at TransPack97 byMr. Stephen
Pierce
12
Stephen R. Pierce, TransPack 97 Institute ofPackaging Professionals, Herndon, VA. 1997, p 130.
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USPS, SMALL PARCEL, LTLDROP HEIGHT DATA SUMMARY,
HISTOGRAM, STATISTICS
The following is the summary ofUSPS, Small Parcel Carriers and LTL drop
height data:




























The following is the Histogram ofUSPS, Small Parcel Carriers, and LTL drop
height data:
Histogram of the Drop Heights in Inches,
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The following is the statistical summary of the USPS, Small Parcel Carriers,


















USPS, SMALL PARCEL, LTL DROP HEIGHT DATA SUMMARY,
HISTOGRAM, STATISTICS
The following is the summary ofUSPS, Small Parcel Carriers and LTL drop
frequency data:

























The following is the Histogram ofUSPS, Small Parcel Carriers, and LTL drop
frequency data:
Histogram of Number of Drops per Trip
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The following is the statistical summary of the USPS, Small Parcel Carriers,



















The mean drop heights and mean number of drops per trip for the Atlanta and
Windsor destinations are listed below.
DESTINATION MEAN DROP HEIGHT MEAN NUMBER OF
DROPS
Atlanta 10.25 inches 3.73
Windsor 10.98 inches 3.80
The quantiles of the entire distribution is as follows:
50% 75% 90% 95% 99%
Drop Height 9.69 13.06 17.50 23.94 30.45
Number ofDrops 3.0 5.0 9.5 11.0 12.0
The quantiles of the Atlanta distribution is as follows:
50% 75% 90% 95% 99%
Drop Height 8.60 13.31 18.09 24.49 31.38
Number ofDrops 3.0 5.0 9.5 11.0 12.0
The quantiles of theWindsor distribution is as follows:
50% 75% 90% 95% 99%
Drop Height 10.58 12.86 16.36
21.94 30.4:
Number ofDrops 3.0 5.0 9.5 11.0 12.0
26
There were significant differences in mean drop heights and number of drops
per trip with regard to the direction of the trip. Those trips from Rochester to the
destination were designated
"out"













= Atlantamean number of drops per back trip > Atlanta number of drops per
trip out.
**
=Windsor mean drop height per out trip > Atlanta mean drop height per
back trip, Windsormean drop height per back trip and "Atlanta mean drop
height per out trip.
***
=Windsormean number of drops per trip out trip > Atlanta mean number
of drops per out trip.
The mean drop heights and mean number of drops per trip for the data compiled
from
the carriers are listed below.
DESTINATION MEANDROP HEIGHT MEAN NUMBER OF
DROPS
LTL 13.77 inches 6.73
USPS 10.62 inches 3.77
SMALL PARCEL 10.18 inches 2.58
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The quantiles of distribution for all carriers are as follows:
50% 75% 90% 95% 99%
Drop Height 9.0 15.0 22.0 26.0 40.0
Number ofDrops 3.0 5.0 8.0 11.0 16.0
The quantiles of the LTL distribution are as follows:
50% 75% 90% 95% 99%
Height 11.0 19.0 26.0 32.0 47.0
:>er ofDrops 6.0 10.0 12.0 13.0 17.0
The quantiles of the USPS distribution are as follows:
50% 75% 90% 95% 99%
Drop Height 9.69 13.06 17.50 23.94 30.45
Number ofDrops 3.0 5.0 9.5 11.0 12.0
The quantiles of the Small Parcel Carrier distribution are as follows:
50% 75% 90% 95% 99%
Drop Height 8.0 13.0 18.0 22.0 26.0
Number ofDrops 2.0 3.0 5.0 6.0 16.0
28
4.0 CONCLUSIONS:
For the Atlanta andWindsor trips, there were no significant differences in
mean drop heights or number of drops per trip. However, when going toWindsor,
there was a greater chance of dropping a package than when going to Atlanta. There
was also a greater chance of dropping a package when coming from Atlanta to
Rochester, than going from Rochester to Atlanta.
Windsor had significantly greater mean drop heights on the way out, compared
to both destination back trips, as well as Atlanta on the way out. This may indicate a
difference in handling procedures when sending packages toWindsor, as opposed to
Atlanta.
In the analysis of the data comparing the United States Postal Service, Small
Parcel Carriers and Less than Truck Load distribution methods, the data has shown
that Small Parcel Carriers dropped the test packages fewer times on average than
either LTL or the USPS. The United States Postal Service dropped packages fewer
times than LTL. USPS and Small Parcel Carriers, both dropped packages a shorter
average distance than LTL.
According to the data in this study, Small Parcel Carriers have the shipping
system with the fewest number of drops and shortest drop height. The United States
Postal Service has a better shipping system with regard to number of drops per trip
than LTL. Both Small Parcel Carriers and the USPS have a better shipping system
with regard to drop height, than LTL.
29
In conclusion, the shipping environment of the United States Postal Service,
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